A quick, simple and inexpensive method of profiling the focused beam from terahertz quantum cascade laser (THz QCL) is presented. Using knife edge technique beam width and astigmatism of the THZ QCL imaging system have successfully been obtained.
INTRODUCTION
The characterization of the beam profile is important in order to give information about the depth of focus, beam resolution and the level of astigmatism of the focused beam. Generally, there are two major techniques for studying beam profiles: scanning aperture techniques and CCD camera/detector array techniques. For the scanning aperture technique, a photodetector is placed behind an aperture which is scanned through the beam. Aperture techniques include the knife-edge technique [1, 2] the scanning-slit technique [3, 4] and the scanning-pinhole technique [5] . In knife-edge technique, the large aperture using sharp and straight edge like knife-edge or blade is passed through the beam. When this aperture transverses the beam, the detector will measure the intensity as function of the blade position. In scanning-slit, the beam is scanned across along narrow aperture which covers the full width of beam. It then measures the transmitted power through the slit as function of slit position. For the scanning-pinhole, the beam scans a small narrow aperture-like pin hole and plots the transmitted power as function of axial position. In CCD camera methods, the beam must first be attenuated to avoid saturation before being projected onto the CCD (most commonly a silicon CCD), allowing the beam profile to be measured directly in two-dimensions. This technique can be done in real-time, and it is only suitable for the visible up to near-infrared spectral range. The use of a CCD camera for the characterisation of THz QCLs is impossible. It is because the CCDs is suitable for profiling pixel size range from 5 to 10 μm in diameter, and when the CCD camera is applied for the fine beam, the fine detail possibly invisible [6] . Of the scanning aperture techniques, the knife-edge technique is the most popular, as it is a cheap and quick technique. The downside is an increase of error since differentiating the step response function (SRF), in order to fit to a Gaussian beam equation [2, 3] , amplifies the noise. Alternatively to avoid the amplification of noise is by fitting equation into the SRF and extract the beam width of the beam focus. In this section, the knife-edge technique for characterising the focussed beam profile of a QCL is described.
EXPERIMENTAL
The THz QCL source that was employed for this work is based on a GaAs-AlGaAs three-well phonondepopulation active module [7] and a semiinsulating surface plasmon waveguide. The device was cooled to 15 K using a helium-cooled cold-finger continuous-flow cryostat. Radiation from the QCL was collimated using a 3-inch-diameter f/2 off-axis parabolic reflector and focused onto the sample using a second f/2 reflector. The radiation transmitted through the sample was collected and coupled into a helium-cooled silicon bolometer using two further f /2 reflectors. The QCL was driven with 2 µs current pulses at a repetition rate of 10 kHz, with lock-in detection at a frequency of 190 Hz was used to improve the detection sensitivity. The measurements were carried out at frequency of 3.05 THz, obtained by the QCL was biased at 14.2 V, which the peak power collected by detector was approximately 5 mW.
To study the beam profile of focused beam, a radiation-blocking plate was mounted on a computer-controlled two-dimensional translation stage. This plate was moved across the THz beam in x (horizontal) and y (vertical) orientations at different positions along the z axis (beam axis) using a 10 μm step size. In this case, the positions along z axis were manually controlled. The step responses for both orientations were recorded, allowing the step response function (SRF) to be plotted. The minimum effective beam waists are 0.57 mm and 0.20 mm in the horizontal and vertical orientations, respectively. The dotted red and dotted blue is the frequency at 3.05 THz and 3.24 THz, respectively. The grid lines are only used to guide the eye. The difference between minimum beam waists in the horizontal and vertical is 0.37 mm. This astigmatism effect was expected owing to the difference in dimensions between the width and the thickness of the QCL device.
RESULTS AND DISCUSSION

CONCLUSION
In conclusion, using the knife-edge technique, the size of the beam focus of the imaging system was characterised along the beam axis. The beam width of focused beam in horizontal and vertical were 0.57 mm and 0.20 mm respectively, with small astigmatism effect.
